P.O.Box 2345, Beijing 100023,China
Fax: +86-10-85381893
E-mail: wcjd@public.btanet.cn  www.wjgnet.com

World J Gastroenterol 2003;9(1):65-68
World Journal of Gastroenterology
Copyright ©2003 by The WJG Press ISSN 1007-9327

* LIVER CANCER e

Synergistic effect of cell differential agent-11 and arsenic trioxide
on induction of cell cycle arrest and apoptosis in hepatoma cells

Jian-Wei Liu, Yi Tang, Yan Shen, Xue-Yun Zhong

Jian-Wei Liu, Department of General Surgery, Yi Tang, Yan Shen,
Cell Culture Laboratory, Guangzhou Red Cross Hospital, Jinan
University, Guangzhou 510220, Guangdong Province, China
Xue-Yun Zhong, Department of Pathology, Jinan University Medical
College, Guangzhou 510632, Guangdong Province, China
Supported by the Scientific Research Fund of Guangdong Province,
N0.1998110

Correspondenceto: Dr. Jian-Wei Liu, Department of General Surgery,
Guangzhou Red Cross Hospital, Jinan University, Guangzhou 510220
Guangdong Province, China. mabeliu@public.guangzhou.gd.cn
Telephone; +86-20-84412233 Fax: +86-20-84429803
Received: 2002-06-03 Accepted: 2002-07-03

Abstract

AlIM: To illustrate the possible role of cell differential agent-
Il (CDA-11) in the apoptosis of hepatoma cells induced by
arsenic trioxide (As,03).

METHODS: Hepatoma cell lines BEL-7402 and HepG2 were
treated with As,0; together with CDA-11. Cell surviving
fraction was determined by MTT assay; morphological
changes were observed by immunofluorescence staining of
Hoechst 33 258; and cell cycle and the apoptosis index were
determined by flow cytometry (FCM).

RESULTS: Cytotoxity of CDA-11 was low. Nevertheless, CDA-
Il could strongly potentiate arsenic trioxide-induced
apoptosis. At 1.0 g/L CDA-II, ICs, of As,0; in hepatoma cell
lines was reduced from 5.0 pmol/L to 1.0 umol/L (P<0.01).
The potentiation of apoptosis was dependent on the dosage
of CDA-11. FCM indicated that in hepatoma, cell growth was
inhibited by CDA-II at lower concentrations (<2.0 g/L)
primarily by arresting at S and G, phase, and at higher
concentrations (>2.0 g/L) apoptotic cell and cell cycle
arresting at G, phase increased proportionally. The
combination of two drugs led to much higher apoptotic rates,
as compared with the either drug used alone.

CONCLUSION: CDA-I1I can strongly potentiate As,Os-
induced apoptosis in hepatoma cells, and two drugs can
produce a significant synergic effect.
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INTRODUCTION

It has been reported that arsenic trioxide (As,05), anewly found
apoptosis inducer, possesses a greater apoptotic effect on
hepatoma cells as comparied with some drugs used in
chemotherapy!™®. However, because of itstoxicity and thedrug
resistance of cancer cells, it has not been widely used in the
treatmeant of cancers®9. Asahiologica preparation purified
from human urine, cell differential agent-11(CDA-I1) can

effectively induce cell differentiation and reverse drug
resistance of cancer cells against chemotherapeutic agents*12,
Clinical application of CDA-11 has demonstrated its low
toxicity and satisfactory therapeutic effect™>*9, Thisreport is
intended to invegtigate the effect of CDA-11 on As,0s-induced
apoptosis of hepatoma cells in an attempt to find a better
combination therapy for hepatoma.

MATERIALS AND METHODS

Materials

Human hepatomacd| linesHepG2 and Bel-7402 were obtained
from the cell laboratory in the Medical School of Zhongshan
University; cell differential agent (CDA-I1) was provided by
Everlife Pharmaceutical Co. Ltd, Hefel; arsenic trioxide (As;Os,
M,=197.84), MTT, Hoechest 33 258 and Pl were purchased
from Sigma Co., USA; PRMI 1 640 was purchased from
GIBCO, USA; agar, RNase, proteinase were purchased from
Huamei Company; DEME purchased from Evergreen
Company, Hangzhou, dimethyl sulfoxide (DM SO) was
imported and individually packed, and | -DNA Marker VII
was purchased from Roche Company, USA.

Experimental group

The preliminary experiment showed that 1.0-5.0 pmol/L of
As,0; could induce apoptosis in hepatoma cells to various
degrees, and 1.0-5.0 g/L of CDA-II could inhibit proliferation
and induce differentiation of hepatoma cells. The experiment
was divided into 4 groups: group A, control without any drug;
group B, As,0O; was added only to fina concentrations of 1.0,
2.0, 3.0, 4.0 and 5.0 pmol/L; group C, CDA-II was added to
final concentrations of 1.0, 2.0, 3.0, 4.0 and 5.0 g/L ; and group
D, 1.0 g/L of CDA-II + various concentrations of As,0O; used
in the group A.

Cell culture and survival rate tested with MTT

Cells were cultured in PRM11640 with 10 % calf serum, 100
U/ml penicillin and 100 ng/ml streptomycin in a humidified
atmosphere of 5% CO, at 37 'C. With adensity between 2x10°
and 6x10°, two cell lines grew in the same way as typical
epithelia cells, and reproduced once every two days. During
the experiment, the density of cells was adjusted to 1x10%/mL
with culture medium PRM11640, and transferred to 96-well
plates, 100 L cell suspension per well, to incubate for 24
hours. Drugs of different concentrations were added to the
plate, 4 plate wells for each drug concentration according to
the aforementioned group division: 100 i drug and 100
culture medium were added to each well with atotal volume
of 200 niL. for group B and C; 100 i of two drugs each was
added with atotal volume of 200 ni for group D; and 200 i
culture medium was added to each well of control group. All
the groups had concentrations of 4 compound wells. After
incubationfor 24 h, 48 h, 72hand 96 h, 20 L of 0.5% MTT
was added to each well and incubated for another 4 hours. The
supernatant was discarded and 200 niL of DM SO was added.
When the stain was dissolved, the optical density ABS value
of each well wasread on Minireaderllat 570 nm. Cell survival
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rate was cal culated with the following equation: average A value
of experimenta group/average A vaue of control groupx100 %.
Each experiment was repested at least three times.

The rate of apoptosis tested by fluorescence of live cells
After the aforementioned cells were cultured with drugs for
72 h, cells were harvested and fixed with 1:3 glacial acetic
acid/methanol twice, first for 5 min and then 10 min and washed
with phosphate buffer solution (PBS). Hoechest 33 258 was
put into cell suspension to afinal concentration of 1.0 mg/L
and the cells were stained fluorescent for 15 minutes away
from light. An Olympus BH-2 fluorescence microscope was
used to observe the fluorescent associated with DNA of cells
neclei. Graphs were drawn based on different concentrations
of drugs and apoptotic rate of cells.

Agarose gel electrophoresis of DNA

Cells treated with drugs for 96 h were collected. After lysis
with Nicoletti lysis buffer, DNA was extracted with an equal
volume of phenol, phenol/chloroform and chloroform once
each, incubated with RNase and precipitated with ethanol and
sodium acetate. DNA was sedimented by centrifugation, air
dried and dissolved in TrissEDTA buffer. Each DNA sample
was analyzed by gel electrophoresesin 1.2 % agarose gel for
1.5 h and visuaized under ultra-violet light.

Apoptosis index (Pl) determined by flow cytometry (FCM)
The cells described above were harvested, and 1x10°cellswere
centrifuged to get rid of supernatant, fixed with ethanol, and
incubated with 200 mi. RNase A at 37 °C for 1 h; 800 ni. Pl
staining solution was mixed into it and the subsequent mixture
was stored in the refrigerator at 4 °C for 30 minutes. Flow
cytometry was then used to analyze the cell cycle. The cells
with content of DNA in sub G; were apoptotic cells.

Statistics

Software SPSS 10.1 was employed to process the datawith test
of index deviation, and to analyze the causes of the deviationin
data concerning multiple factors of the experimental design.

RESULTS

Effects of CDA-Il and As,0; on the growth of hepatoma cells
Cytotoxicity of CDA-11 waslow. At 1.0 g/L, the respective
survival rate of cell lines HepG2 and BEL-7402 were 92 %
and 89 %. When the concentration was increased to 3.0 g/L,
the survival rate dropped to 76 % and 65 % respectively. The
combined usage of two drugs markedly increased the
cytotoxicity of As,0O; on thetwo cell lines. The addition of
1.0 g/L CDA-II caused ICs, of As,O;to fall from 5.0 pmol/L
to 1.0 umol/L (P<0.01, Table 1).

Table 1 Survival rate of hepatoma cell lines HepG2 treated
with drugs (x+s)%

cgg/(umol-L1)? or rgc/(g-LY)P
Groups

1.0 2.0 3.0 4.0 5.0¢

A (Comtrols) 100 100 100 100 100
B (As;O;, ¢s) ¢ 80.06+3.27 70.58+5.42 67.82+3.43 59.33+7.33 49.12+4.25
C (CDA-Il,rg)®  92.41+4.25 81.22+7.34 70.23+2.32 68.22+4.56 67.12+9.23

D (B+Cyo)' 50.67+3.56 47.88+6.42 47.34+4.25 45.5448.22 41.55+3.75

3cgp/ (umol- L1 is for group B(As,O; cs); rec/(g-L?) is for group
C (CDA-ILrg); °group D (B+Cy,) refers to every each group B

(As;03 cgg) plus rgc=1.0 g-L*; cConcentration grads effect:
F=32.270, sig.=0.000, P<0.05; “Main effect for group B (As,0;
Cg): F=22.856, sig.=0.000, P<0.05; ®Main effect for group C(CDA-
I, rg): F=0.831, sig.=0.059, P>0.05; fInteraction effect for group
D (B+C,,): F=27.178, sig.=0.000, P<0.05

Effect of two drugs on apoptosis in hepatoma cells

Under fluorescent microscope, cell nuclei of the control group
displayed fluorescence evenly.Treated by the two drugsin
combination, alarge proportion of cells underwent apoptosis.
Uneven and more dense particulate fluorescence could be
observed in cell nuclel (Figure 1). The rate of apoptosis of 500
cellswas calculated. The result showed (Figure 2) that when
As,0; was employed at 1.0 pmol/L, the number of apoptotic
cellswasonly dightly abovethat of control, and the difference
was not significant (P=0.063). However, the apoptotic rate rose
greatly with the increase of drug concentrations above 1.0
pmol/L, and the significance of differences became obvious
as against the control (P<0.01). When CDA-I| was used alone,
the concentration must be above 3.0 g/L showed significant
difference from the control (P<0.015). CDA-II greatly
potentiated the apoptosisinduced by As,0s. The apoptotic rate
of 1.0 pmol/L of As,O; together with 1.0 g/L of CDA-I1I
approached that of 4.0 pmol/L As,Os.

Figure 1 Immunofluorescence staining of Hoechst 33 258 72 h
after 1.0 umol/L As,0;+1.0 g/L CDA-1l administred in HepG2
cells (x400). —: dispersive fluorescences in normal cells nuclei;
/\: compact particulate fluorescences in apoptosis cell nuclei
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Figure 2 Comparison of different groups on numbers of BEL-
7402 cell apoptosis. A. Main effect(As,O;): F=0.387, sig.=0.063,
P>0.05; B. Main effect(CDA-II): F=0.670, sig.=0.785, P>0.05; C.
Interaction (As,Os;+ CDA-II): F=22.450, sig.=0.000, P<0.05

DNA of cellsundergoing apoptosis showed aladder pattern
in agarose gel electrophoresis. In the present study, DNA
ladders were characteristically identified in the cells treated
with 5.0 umol/L As,0;0r 1.0 g/L CDA-I1+1 uM As,Osfor 72 h
as shown in Figure 3.
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Figure 3 DNA agarose gel electrophore | of hepatoma cell lines
treated by As,0Oz;0r CDA-I1+As,0;for 72 h. M: | -DNA Marker
VII; A (HepG2): controls; B (HepG2): 1.0 umol - L* As,05;+1.0
g- L CDA-II; C(BEL-7402): 1.0 umol- L* As,05;+1.0 g- L* CDA-
Il; D(HepG2): 5.0umol- L* As,0,
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Figure 5 Flow cytometry 4 days after medicinal treatment.
(A). 1.0 umol/L As,O3; (B). 1.0 g/L CDA-II; (C). 1.0 ymol/L
As,0;+1.0 g/L CDA-II; (D). Control.

As,0; to induce apoptosis of hepatoma cells
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Figure 4 Comparison of DNA in various groups 4 days after
medicinal treatment. P<0.05 Compared with the controls

Flow cytometry study of cell apoptosis

Four days after treatment with As,O3, sub-G; cells, namely
apoptotic cells, became evident in HepG2 and BEL -7402, and
the number of apoptotic cellswasin direct proportion to drug
concentration (Figure 4). As,0Ozat 5.0 pmol/L induced 46.7 %
of HepG2 and 53.1 % of BEL-7402, respectively to undergo
apoptosis. When CDA-I1 was employed alone below 2.0 g/L,
the apoptotic rate of hepatoma cells was not significantly
different from that of the control. At such low concentration
(<2.0g/L), thecdlsarrested in G, exceeded those in the control,
whereas at concentrations above 2.0 g/L, both apoptotic cells
and cellsarrested in G; increased. The combination of 1.0 g/L
CDA-I1 and 1.0 pmol/L As,O; in hepatoma cells resulted in
reduced vitality of the two cell lines, and the apoptotic rate
rose from 11.3 % in the presence of 1.0 umol/L As,0; aoneto
40.2 % (Figure 5). The potentiation of As,Os-induced apoptosis
by CDA-II was concentration-dependent. The percentage of
sub-G,; cellsinduced by 3.0 g/L CDA-II and 1.0 pmol/L As,0;
reached 63 %, as against 57 % caused by 5.0 pmol/L As,Os.
All these findingsindicated that CDA-11 could synergistically
potentiate As,O;to induce apoptosis of hepatoma cells.

DISCUSSION

Toxicity of cell apoptotic agents and drug resistance of cancer
cells are major factors contributing to the failure of
chemotherapy. It has been reported by Cai et al*®l, that one-
third of 47 patients with normal liver function but suffering
from recurrent acute promyel ocytic leukemiawho were treated
with As,Os, had their livers damaged. Obviously, the patients
with damaged liver function must choose smaller dosage of
As,O;. In thisregard it particularly fits the recommend
combination therapy with CAD-I11, because CAD-Il isavery
effective drug to protect liver from hepatotoxin-induced
injuries*™2%, In votro, hepatoma cell growth and proliferation
were only inhibited by arsenic trioxide at lower concentrations
(0.25-2.0 pmol/L), with no significant apoptosis, at higher
concentration (>2.0 umol/L) can induce cell apoptosisi?-2,
According to the sensitive standard of chemotherapeutic agents
devised by Abe et al’?"?, hepatoma cells in this experiment are
sensitive to the dosage of 5.0 pmol/L As,Os. Based on the
following formula??: drug concentration (mg/L)=[(drug
mgxsurface size)/body weight] x(100/60), the sensitive dosagein
clinica application is20 mg/m?. Inthepresence of 1 g/L of CDA-
I, 1Cs of As,05can bereduced from 5.0 pmol/L to 1.0 pmol/L.
That means4 mg/m?is equally as effectivein the combination
protocol as 20 mg/m? of single As,0;. CAD-II isabiological
preparation purified from human urine which is a selective
inhibitor of abnormal cancer methylation enzymed6°34, DNA
hypermethylation attributable to abnormal methylation
enzymesisrelated to the evolution of drug resistance of cancer
cells®2%l |t is likely that the modulation of abnormal
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methylation enzymes is responsible for the reverse of drug
resistance and the potentiation of As,Os-induced apoptosis.
Shen et al. reported that abnormal DNA methylation playsan
important role in the process of hepatocellular carcinogenesis.
DNA methylation level isclosaly correlated with the biological
characteridic of liver cancer, thelower theleve of DNA methylation,
the stronger the infiltration and metastatic capacity!®*. Animal
experimentson have demongtrated that CAD-I1 could effectively
prevent the growth and metastasis of xenografted hepatomal®”
%l Analysis of cell cycle revealed that CAD-II at low
concentrations could arrest more hepatoma cellsin G, and S,
and at high concentrations could bring about more apoptosis
and relatively more cells arrested in G;. It is remarkable that
CAD-II at alow dosage is not capable to induce apoptosis,
nevertheless, it can strongly potentiate As,O;-induced apoptosis.
With 1.0 g/L of CAD-II, the apoptosis-inducing capability of
As,0; can be reduced from 5.0 to 1.0 pumol/L. Therefore, only
4.0 mg/m?of As,0sis needed in clinical treatment giving an
equivaence of 20 mg/m? of As,Os. Thus, the combined therapy
of As,0O;and CAD-II offers a great advantage to reduce toxic
sdeeffect and to improve the therapeutic efficacy for hepatoma.
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